Fish polyculture is attempted by stocking two or more species with different feeding habits and different habitat preferences (Lutz 2003) . The productivity of the aquatic system is thus increased by introducing more than one compatible fish species in a culture system, where the growth and survival of one species is not negatively affected by the other. To test the interactions between species in polyculture systems, behavioural studies on fish-fish interactions are suitable evaluation tools (Milstein 1992 , Kramer et al. 1997 , Shumway 1999 .
crete tanks under protocols described earlier (Jha and Barat 2005 b) . The physico-chemical conditions were similar in all the holding tanks (temperature 24-26°C; pH 7.0-7.2; dissolved oxygen content 6.5-6.8 mg · L -1 ).
Two parallel experiments were conducted for the two batches during 15 consecutive days from 20 August to 3 September, 2004 in six 150-L tanks (three tanks for each experiment) maintained under physico-chemical conditions similar to those of the holding tanks (temperature 23-26°C; pH 6.9-7.2; dissolved oxygen 6.5-6.9 mg · L -1 ). In these trials, monoculture or polyculture groups totalling 20 fish were used in each aquarium. The treatments (for each batch) were: (1) koi carp, monoculture; (2) goldfish, monoculture; and (3) koi carp and goldfish, polyculture, stocked at 1:1. On the average, the 5-to 6-week-old fish used during the study had a mean weight of 0.86 ± 0.11 g (koi carp; n = 50) and 1.49 ± 0.38 g (goldfish; n = 50).
The order of trials was randomized with respect to treatment and 15 replicate trials (one trial every day) were performed for each treatment. Grid markings on the tanks allowed the location (depth) of the fish in the water column to be estimated. The tanks were screened with black art paper from four sides and an eye slit was cut on the front side, which allowed the experimenter to observe and record the behaviour of fish without disturbing them. In each trial, the fish were placed in the tank and left to settle for 1 h. This was followed by a period of focal sampling (Martin and Bateson 1990) for 5 minutes in which the occurrence and direction of all antagonistic interactions (chases, nips) involving a randomly chosen individual of each species were recorded. Then, a small amount of food was applied and the above procedures were repeated. Each trial therefore yielded data on aggressive encounters of the species concerned, both before food application and in the presence of food.
Aggressive behaviour was measured as the number of attacks, defined as accelerated swimming movements or a sudden burst of speed by one fish towards another (chases), followed by nips-a bite, and/or flight or pursuit. In the first batch, live tubifex were applied in feeding baskets and placed on the floor of the tanks. For the second batch, the food (plankton) was added centrally onto the water surface and the live plankton dispersed rapidly over the entire water surface. This way of offering the food generally increases feeding opportunity and promotes uniformity of feeding and growth (McCarthy et al. 1999 , Gomez-Laplaza 2002 .
Differences in the mean chasing and mean nipping frequency recorded for each species between the monoculture and polyculture treatments were examined using Student's paired t-test (Student 1908 , Gupta 2000 . Significance was accepted at P < 0.05. Separate analyses were carried out on the "food present" and "food absent" (before application of food) data for each batch. Primary data (number of nips and chases) were log-transformed prior to the analysis and standardised by dividing the number of attacks received by focal fish per trial by the number of potential aggressors. For interspecific attacks, the number of aggressors was n, where n = group size of the attacking species. For conspecific attacks, the number of aggressors was n -1.
RESULTS
Attack levels as estimated from the standardised chasing and nipping frequency per trial for both species were significantly higher in polyculture treatments, compared to monoculture treatments, both before food application and in the presence of food (P < 0.05). The attack level also increased markedly in the presence of food, compared to when food was absent in both experimental batches (Table 1) . These aggressive acts were very short, and often did not involve actual physical contact. When physical contact occurred, in most cases it involved a momentary pinch by pushing the snout of one fish against the abdomen or fins of another. Total attacks per trial (chases plus nips) as estimated from the different species level interactions (Table 1) showed that goldfish received more attacks under polyculture conditions in both batches, compared to koi carp. Under monoculture conditions, the incidence of attacks in goldfish tanks were lower compared to koi carp tanks, marking the koi carp as a more aggressive species. Chasing (Figs. 1 and 2) and nipping (Figs. 3 and 4) frequencies followed similar trends, although the chasing frequency was higher than the nipping frequency (Table 1) .
DISCUSSION
The two species exhibited considerable variation in the extent and type of aggression displayed. Goldfish in monoculture treatments appeared less aggressive, compared to monocultured koi carp in both experimental batches. Even in the polyculture treatments, goldfish attacked conspecifics or other species (koi carp) very rarely. On the other hand, koi carp were overwhelmingly more aggressive. The frequency of attack increased significantly in the presence of food. Food was shown to increase the rates of aggression in gouramis, Trichogaster trichopterus (Pallas) (Syarifuddin and Kramer 1996) and poeciliids, Gambusia holbrooki (Girard) and Xiphophorus helleri Heckel (Warburton and Madden 2003) . The broader diversity of species-specific behaviours and salient stimuli may also have enhanced the levels of activity. In a study of conspecific and interspecific interactions between brook trout, Salmo gairdneri (Oncorhynchus mykiss (Walbaum)), Newman (1956) postulated that the presence of food increased feeding activity, which in turn increased aggressive activity as the focus of attacks was displaced from the food to fellow fish of both species. He further noted that feeding fish displayed some movements that are associated with aggression, such as body undulations, swift darting and biting, and suggested that such movements constituted sign stimuli eliciting attacks from other species.
The significantly higher rate of attacks in the polyculture treatments compared to monoculture conditions for both batches of fish undermines the very logic behind stocking koi carp and goldfish together. Although the impact of nipping on the rate of spinal and caudal abnormalities or fin deformities were not estimated in the present experiment, it could be suggested that sustained attacks, particularly on goldfish by koi carp under polyculture conditions could induce stress and increase the rate of deformities in a pond polyculture. It should be remembered that ornamental fish need to be visually attractive to be acceptable on the market, and deformed or stressed fish could be aesthetically unattractive to potential customers (Jha and Barat 2005 b) .
The two food items used the two experimental batches (tubifex and plankton) were selected with a due consideration to the food availability under pond conditions. The impact of aggressive behaviour of koi carp was clearly demonstrated by the increased level of attack on goldfish in the polyculture treatments in both the experimental batches. Table 1 Standardised frequency of attacks calculated for koi carp (K) and goldfish (G) in the two experimental batches "Total attacks" = chases plus nips; (+) indicates an increase in the presence of food, but where a ratio cannot be calculated due to a zero "no food" value al. (1997) observed that the prerequisites for competition exist when mixed populations of fish species are trapped in shrinking ponds during drought. In India, ornamental fish ponds are generally much smaller, compared to other aquaculture ponds, and competition pressure may severely affect the production status of the "non aggressive" species under such confined habitat conditions. Although the present laboratory-based findings are not sufficient to be applied in a predictive way to judge interspecific interrelationships in ponds, they do illustrate behavioural mechanisms by which koi carp may negatively impact goldfish under confined conditions in ponds. A major limitation of the present study lies in its direct observation method allowing space for individual errors and selective judgments. Nevertheless, the data are clearly indicative of behavioural interactions between the species concerned and further studies are encouraged to increase precision of observations (e.g. by video-recording and electronic image analysis systems). Further research is also required to investigate how dynamic behavioural interactions are affected by variation in abundance ratios as well as food availability and temperature, i.e. factors that play significant roles in tropical pond conditions.
